We study the coherence properties of supercontinuum spectra generated in a silicon wire pumped at telecommunication wavelengths. We numerically and experimentally demonstrate coherence across a span of 500 nm.
Introduction
The coherence properties of supercontinuum generation has attracted a lot of attention in the last decade [1, 2] . Full coherence is essential for metrology application where the supercontinuum process is used to spectrally broaden frequency combs [3] . While the integration of supercontinuum generation has been intensely studied in the last years [4, 5] , very few studies of the coherence properties have been performed [6] . Here we demonstrate, to the best of our knowledge, the first integrated coherent supercontinuum pumped at telecommunication wavelengths. We work on the silicon on insulator (SOI) platform where supercontinuum generation in the femtosecond regime was shown to be possible at telecom wavelengths despite the strong two-photon based nonlinear losses inherent to that wavelength region [7, 8] .
Supercontinuum generation
We use 4 mm long SOI waveguide with a standard 220 nm silicon thickness. The waveguide is 700 nm wide, with the zero dispersion wavelength located at 1425 nm. We launch a 37 W peak pulse with a temporal width of 150 fs at 1575 nm. The measured output spectrum is shown on fig 1 (b) and compared to simulations (a) of the Generalized Nonlinear Schrödinger Equation [9] . Further experimental and simulation parameters can be found in [8] . The supercontinuum spans over more than 500 nm and we find good agreement with simulations.
Coherence
We then study the coherence by use of the first order coherence [2] :
where E i (λ ) and E j (λ ) correspond to the spectral density of independently generated supercontinua. We used 20 simulated spectra generated by adding quantum seed noise on the input pulse. The noise corresponds to one photon per mode with a random phase. The results, shown on fig 1 (a) , predict full coherence over the whole bandwidth of the supercontinuum (for a high enough signal to noise ratio). Experimentally, the coherence function can be implemented by use of a Mach-Zehnder interferometer with a delay in one arm corresponding to the temporal separation of two subsequent pulses [10] . When the power in the two arms is equal, the coherence function exactly corresponds to the fringe visibility V = (I max − I min )/(I max + I min ). We tuned the delay in order to have a FSR around 10-15 nm, well above the 1 nm resolution of the Optical Spectrum Analyser (OSA). We have recorded 4 spectra in 3 different spectral region (1150 nm-1250 nm, 1400 nm-1500 nm and 1500 nm-1700 nm). Each data point corresponds to the visibility of one fringe and is positioned at the average wavelength of the maximum and minimum of the fringe. Our results are displayed on fig 1(b) . We see a very high spectral coherence over the whole spectrum, limited only by the noise floor of the OSA. The average visibility is 0.97, proving the coherence of the continuum. 
Conclusion
We experimentally generated a coherent supercontinuum in a silicon photonic wire. Our results demonstrate the potential of the SOI platform for extending the bandwidth of frequency combs. We foresee that further dispersion engineering will allow generating a coherent octave spanning frequency comb by pumping a silicon wire at telecommunication wavelengths.
